A series of 3-methyl-4-((1-methyl-1H-indol-3-yl) methylene)isoxazol-5(4H)-ones were prepared by one-pot three-component reaction of 1-methyl-1H-indole-3-carbaldehyde with β-keto-esters and hydroxylamine hydrochloride in aqueous media. In an alternative method the same compounds were prepared by Knoevenagel condensation of 1-methyl-1H-indole-3-carbaldehyde with isoxazolone in the presence of water and sodium benzoate as a catalyst under ultrasound irradiation. The advantages of these methods include green conditions, high yields, easy work-up procedures and shorter reaction times. The catalyst was found to remain active up to five reaction cycles and no substainal loss of activity was observed. All the synthesized compounds were docked against BCL-2 protein, an expressed protein of liver cancer . Compounds 6d, 6e, 6f, 6g , and 6l exhibited best docking interactions, which were further screened for their in vitro anti-cancer activity in HepG2 cell lines and IC 50 values ranging between 37 and 57 μg/mL.
Introduction
Multicomponent reactions in water are one of the most suitable methods for synthesizing diverse organic compounds under green conditions [1, 2] . Water is one of the best solvents for many organic transformations due to its large application as environmentally friendly, safe, non-toxic, clean, green, inexpensive, and readily available reaction medium [3] [4] [5] . Also, use of water not only diminishes the risk of organic solvents but also enhances the rate of many chemical reactions. Thus, a water-mediated reaction is very attractive and ideal from both the economical and environmental point of view [6] .
Isoxazole and isoxasolone derivatives are important organic heterocycles, owing to their widespread biological activities such as antifungicidal [7] , analgesic [8] , antimicrobial [9] , antioxidant [10] , nematicidal [11] , antiinflammatory [12] and hypoglycaemic [13] . Similarly, indole is a potent basic pharmacodynamic nucleus that has been reported to possess a wide variety of biological properties such as anti-inflammatory [14, 15] , anti-cancer [16] , antidepressant [17] , anti-bacterial [18] and anti-fungal [19] . Some of the well known drugs containing indole, isoxazole and their derivatives are shown in Fig. 1 .
In consideration of green chemical methodology, herein we report a simple and efficient method for the one-pot three component synthesis of Indolylidine isoxazole using 1-methyl-1H-indole-3-carbaldehyde (3), β-ketoesters (4) and hydroxylamine hydrochloride (5) using sodium benzoate as a mild basic catalyst in water.
Experimental Sections
All the reagents and chemicals were obtained from commercial sources and used without further purification. All reactions monitored and purity of the products was checked by TLC. Melting points were determined by open glass capillary method and uncorrected on hot sulphuric acid bath. IR spectra were recorded using PerkinElmer spectrum version 10.03.02 instrument in KBR. 1 HNMR spectra were recorded in CDCl 3 /DMSO using 400 MHz instrument. Mass spectra were recorded on a agilent LC-MS instrument giving M + values in Q + 1 mode.
General Procedure for the One-Pot Synthesis of 3-methyl-4-((1-methyl-1H-indol-3-yl) methylene) isoxazol-5(4H)-ones (6)
A mixture of 1-methyl-1H-indole-3-carbaldehyde (3, 10 mmol), ethyl acetoacetate (4, 10 mmol), hydroxylamine hydrochloride (5, 10 mmol), sodium benzoate 20 mol% and water (20 ml) was sonicated in water bath at room temperature for 30-40 min. After completion of the reaction (monitored by TLC using hexane-ethyl acetate 1:1 as mobile phase), the product was filtered off, washed with cold water (2 × 15 ml) and dried to give a crude product 6. Then the crude product was recrystallized with suitable solvent to give pure 6.
General Procedure for the Synthesis of 3-methylisoxazol-5(4H)-one (7)
A mixture of ethyl acetoacetate (4, 10 mmol), hydroxylamine hydrochloride (5, 10 mmol), sodium benzoate 20 mol % and water (20 ml) was sonicated in water bath at room temperature for 5-15 min. After completion of the reaction (monitored by TLC using hexane-ethyl acetate 1:1 as mobile phase), the product was filtered off, washed with cold water (2 × 15 ml) and dried to give a crude product 7. Then the crude product was recrystallized with suitable solvent to give pure 7.
General Procedure For the Step-Wise Synthesis of 3-methyl-4-((1-methyl-1H-indol-3-yl) methylene) isoxazol-5(4H)-ones (6)
A mixture of 1-methyl-1H-indole-3-carbaldehyde (3, 10 mmol), isoxazolone (7, 10 mmol), sodium benzoate 20 mol% and water (20 ml) was sonicated in water bath at room temperature for 5-15 min. After completion of the reaction (monitored by TLC using hexane-ethyl acetate 1:1 as mobile phase), the product was filtered off, washed with cold water (2 × 15 ml) and dried to give a crude product 6. Then the crude product was recrystallized with suitable solvent to give pure 6. 
3-methyl-4-((1-methyl-1H-indol-3-yl)methylene)isoxazol-5(4H)-ones (6a)

3-methyl-4-((1-methyl-5-nitro-1H-indol-3-yl) methylene)isoxazol-5(4H)-one (6b)
4-((5-bromo-1-methyl-1H-indol-3-yl) methylene)-3-methylisoxazol-5(4H)-one (6c)
4-((1-ethyl-5-nitro-1H-indol-3-yl) methylene)-3-methylisoxazol-5(4H)-one (6e)
4-((5-bromo-1-ethyl-1H-indol-3-yl) methylene)-3-methylisoxazol-5(4H)-one (6f)
4-((1-benzyl-5-nitro-1H-indol-3-yl) methylene)-3-methylisoxazol-5(4H)-one (6g)
4-((1-butyl-5-nitro-1H-indol-3-yl) methylene)-3-methylisoxazol-5(4H)-one (6h)
4-((1-benzyl-1H-indol-3-yl) methylene)-3-methylisoxazol-5(4H)-one (6i)
3-methyl-4-((1-(prop-2-yn-1-yl)-1H-indol-3-yl) methylene)isoxazol-5(4H)-one (6j)
3-methyl-4-((1-(phenylsulfonyl)-1H-indol-3-yl) methylene)isoxazol-5(4H)-one (6k)
4-((5-bromo-1-(phenylsulfonyl)-1H-indol-3-yl) methylene)-3-methylisoxazol-5(4H)-one (6l)
Molecular Docking
Methodology
The structure of BCL2 of Homo sapiens (PDB ID: 5JSN) was obtained from PDB database. After the unnecessary chains and hetero atoms were removed using SPDBV software, hydrogens were added to the protein and used for active site identification.
Active Site Identification
Active site of BCL2 was identified using CASTp server.
A new program, CASTp, for automatically locating and measuring protein pockets and cavities, is based on precise computational geometry methods, including alpha shape and discrete flow theory. CASTp identifies and measures pockets and pocket mouth openings, as well as cavities. The program specifies the atoms lining pockets, pocket openings, and buried cavities; the volume and area of pockets and cavities; and the area and circumference of mouth openings.
Docking Method
Docking was carried out using GOLD (Genetic Optimization of Ligand Docking) software which is based on genetic algorithm (GA). This method allows as partial flexibility of protein and full flexibility of ligand. The compounds are docked to the active site of the BCL-2. The interaction of these compounds with the active site residues are thoroughly studied using molecular mechanics calculations. The parameters used for GA were population size (100), selection pressure (1.1), number of operations (10,000), number of island (1) and niche size (2) . Operator parameters for crossover, mutation and migration were set to 100, 100 and 10 respectively. Default cutoff values of 3.0 Å (dH-X) for hydrogen bonds and 6.0 Å for vanderwaals were employed. During docking, the default algorithm speed was selected and the ligand binding site in the BCL-2 was defined within a 10 Å radius with the centroid as CE atom of GLN120. The number of poses for each inhibitor was set 100, and early termination was allowed if the top three bound conformations of a ligand were within 1.5 Å RMSD. After docking, the individual binding poses of each ligand were observed and their interactions with the protein were studied. The best and most energetically favorable conformation of each ligand was selected [21].
Gold Score Fitness Function
Gold Score performs a force field based scoring function and is made up of four components: 1, protein-ligand hydrogen bond energy (external H-bond); 2, protein-ligand vander Waals energy (external vdw); 3, ligand internal vander Waals energy (internal vdw); 4, Ligand intramolecular hydrogen bond energy (internal-H-bond). The external vdw score is multiplied by a factor of 1.375 when the total fitness score is computed. This is an empirical correction to encourage protein-ligand hydrophobic contact. The fitness function has been optimized for the prediction of ligand binding positions.
where S (hb_ext) is the protein-ligand hydrogen bond score, S (vdw_ext) is the protein-ligand van der Waals score, S (hb_int) is the score from intramolecular hydrogen bond in the ligand and S (vdw_int) is the score from intramolecular strain in the ligand.
Anti-Cancer Activity
Human liver carcinoma (HepG2) cell lines were obtained from NCCS Pune. They were kept in RPMI 1640 medium (#AL199A, Himedia) supplemented with 10% Fetal Bovine Serum (#RM10432, Himedia). The cells were made to confluency at 37 °C in a CO 2 incubator (Healforce, China) with humidified atmosphere and 5% CO 2 . 200 μl cell suspension was seeded in a 96-well plate at required cell density (20,000 cells per well), without the test agent. The cells allowed growing for about 12 h. Test samples in the concentrations of 25 µg, 50 µg, 75 µg, 100 µg, 125 µg/mL of compounds and 40 µg/mL drug were added to grown cells separately and incubated the plate for 24 h at 37 °C in a 5% CO 2 atmosphere. After the incubation period, the plates were taken out from incubator and removed the spent media and added MTT reagent (Camptothecin) to a final concentration of 0.5 mg/mL of total volume and the plates were incubated for 3 h then the MTT reagent was removed and then added 100 μl of solubilisation solution (DMSO). The absorbance was recorded on a ELISA reader at 570 nm and 630 nm used
as reference wavelength. The IC 50 value was obtained by using linear regression equation
Here, Y = 50, M and C values were derived from the viability graph.
Results and Discussion
The starting material 1-methyl-1H-indole-3-carbaldehyde was prepared by Vilsmeier-Haack formylation of indole followed by its N-alkylation reaction which has been reported in the literature [20] (Scheme 1). Initially, the multi-component reaction of 1-methyl-1H-indole-3-carbaldehyde 3a with ethyl acetoacetate (4) and hydroxylamine hydrochloride (5) as a model reaction was investigated to establish the feasibility of the process (Scheme 2). This reaction was successful and gave the desired product 6a. The structure of 6a was confirmed by spectral & analytical data. Thus, it's IR spectrum showed peaks at 1705/cm due to the presence of carbonyl group and its 1 HNMR spectrum showed peaks at δ 2.39 (s, 3H, CH 3 ), 4.01 (s, 3H, CH 3 ), 7.39-8.19 (m, 4H, ArH and 1H olefinic proton), 9.47 (s, 1H heteryl proton present on indole ring). Its, LC-MS spectrum, when recorded in the M + 1 mode, showed the moleculer ion peak at m/z 241 corresponding to i.e., Y = Mx + C. a molecular mass of 240 and tallying with molecular formula of C 14 H 12 N 2 O 2 for 6a.
To optimize the reaction conditions, the effect of solvent and catalyst were evaluated for the model reaction and results were mentioned in Table 1 . It was observed, when the reaction was carried out without any catalyst, only traces of the product were observed even after 10 h under ultrasound irradiation ( Table 1 , Entry 1). To improve the reaction conditions, we have examined the reaction by changing various base catalysts. Sodium benzoate, sodium acetate and piperidine were effective in catalyzing the reaction. However, other catalysts such as KOH, K 2 CO 3 , NaOH, Na 2 CO 3 and NaHCO 3 , did not yield positive results (Table 1 , entry 2-6). Based on the reaction times, sodium benzoate has been observed as the best catalyst and water as the most suitable solvent with 6a being isolated with a yield of 93% (Table 1 , entry11). Further to improve the yield of the product we tried to perform the reaction at higher temperatures under ultrasound irradiation. However the yield of the product did not increase proportionally, (Table 1, [12] [13] [14] instead it has decreased gradually for every 10 °C. Further, we turn to the effect of solvent and when the reaction was carried out in solvents like dichloromethane, tetrahydrofuran and dimethyl sulfoxide it yielded only traces ( Table 1, [15] [16] [17] . Thus, it has been observed that water is the best solvent for this reaction. To optimize the loading of catalyst, different proportions of sodium benzoate was tested with concentrations of 10, 20,
Scheme 1 Synthesis of 1-methyl-1H-indole-3-carbaldehyde 3 (a-l)
Scheme 2 One-pot three-component synthesis of 6a 30, 40 and 50 mol% ( Table 1, 11, [18] [19] [20] [21] . It has been found that 20 mol% of catalyst is sufficient to achieve the reaction in good yield. Use of 10 mol% of catalyst gave lesser yield and use of higher amounts of catalyst did not improve the reaction yield.
We have also prepared compound 6a under conventional method and compared with that of ultrasonic irradiation. In conventional method, one-pot reaction was stirred at RT for 90 min which resulted in the formation of the desired product in 88% yield (Table 1, Entry 22) . It is clear that carrying out the reaction under ultrasonic irradiation gave excellent yield in shorter reaction time.
After optimizing the reaction conditions, sodium benzoate in water was found to be the best combination of catalyst and solvent for this one-pot three-component reaction. Hence, this protocol was generalized & has been extended to various substituted derivatives of 3, (i.e. where X is replaced with H, NO 2 , Br groups as well as where R replaced by -CH 3 , -C 2 H 5 , -CH 2 Ph, -C 4 H 9 , -C 3 H 3 and -SO 2 Ph) to obtain a range of derivatives 6 shown in Table 2 .
Alternatively, we have synthesized 6a in a step-wise method, where initially isoxazolone 7 was prepared by reaction of ethyl acetoacetate (4) and hydroxylamine hydrochloride (5) and further reacted with 1-methyl-1H-indole-3-carbaldehyde (3) under the above established optimal conditions (Scheme 3). Using this synthetic method, the final indolylidine isoxazoles 6(a-l) were obtained in 72-93% yield within 5-15 min ( Table 3 ). The products 6(a-l) obtained were stable solids whose structures were confirmed by IR, 1 H-NMR, 13 C-NMR and mass spectrometry.
Both the protocols were good for the preparation of compound 6 although, the one-pot three component reaction (Method-A) seems to be better when compare with stepwise reaction (Method-B) . It has some merits like avoiding of isolation and purification of isoxazolone intermediate.
Reusage of catalyst
Sodium benzoate is highly soluble in water and the resulting products are insoluble in water. After completion of reaction, the insoluble products were separated by simple filtration and recrystallized from suitable solvents. TLC showed that there are no starting materials or no product in the filtrated solution. Measuring the melting point of the 
Plausible Mechanism for One-Pot Synthesis of Compound 6 in the Presence of Sodium Benzoate
There are two steps involved in the formation of 6 in the presence of sodium benzoate as catalyst, shown in Scheme 4.
In the first step, ethyl acetoacetate 4 reacts with hydroxylamine hydrochloride to form the oxime 4 1 , which loses one Ethanol molecule to give a cyclic compound 7. This 7 also Step-wise synthesis of product 6a Table 3 Step-wise synthesis of compound 6(a-l) ( exist as enolic form 7 1 because of keto-enol tautomerism. Sodium benzoate abstracts the proton from alcoholic proton of 7 1 and generate the Nucleophilic centre on 7 1 which subsequently undergoes nucleophilic addition reaction with 1-methyl-1H-indole-3-carbaldehyde (3) and form C-C bond to give the intermediate 7 11 . The later being sodium salt of alcohol gives the sodium to benzoic acid that generated in the previous step to regenerate the catalyst sodium benzoate and 7 111 . 7 111 loses water molecule to form the product 3-methyl-4-((1-methyl-1H-in dol-3-yl)methylene)isoxazol-5(4H)-ones 6.
Biology
Moleculer Docking Study
Docking of the synthesized legends with BCL-2 domain was carried out using GOLD 3.0.1, which is based on genetic algorithm. This program generates an ensemble of different rigid body orientations (poses) for each compound conformer within the binding pocket and then passes each molecule against a negative image of the binding site. Poses clashing with this 'bump map' are eliminated. Poses surviving the bump test are then scored and ranked with a Gaussian shape function. We defined the binding pocket using the ligand-free protein structure and a box enclosing the binding site. This box was defined by extending the size of a cocrystalized ligand by 4A. This dimension was considered here appropriate to allow, for instance, compounds larger than the cocrystallized ones to fit into the binding site. One unique pose for each of the best-scored compounds was saved for the subsequent steps. The compounds used for docking was converted in 3D with SILVER. To this set, the substrate corresponding to the protein was added. Docking of best inhibitor with the active site of protein showed the activity of the molecule on protein function (Table 4 ).
a b
Scheme 4 a
Step-1 Formation of isoxazolone. b
Step-2 Formation of Knoevenagel condensed product 6 
Active Site Identification
After the final model was built, the possible binding sites of BCL2 was searched based on the structural comparison of template and the model build and also with CASTP server and was shown in Fig. 2 . Infact from the final refined model of BCL-2 domain using SPDBV program, it was found that secondary structures are highly conserved and the residues, LEU23, ASP25, ILE84, ASN144, ARG87, ASP132, SER133, VAL 134, ASP135, PHE136, GLN152, GLU242, THR243, THR244 are present in the conserved region. All the prepared compounds (6a-6l) were docked against BCL-2 protein which is expressed in liver cancer. These compounds showed good docking score. Among the all compounds 6d, 6e, 6f, 6g, 6l showed better docking scores ( Figs. 3, 4 , 5, 6, 7, 8).
Anti-Cancer Activity
Compounds 6d, 6e, 6f, 6g, and 6l which showed best docking score where were further screened for their cytotoxic potential against human liver carcinoma (HepG2) cell line using the MTT assay method and the IC 50 values are shown in Table 5 . Among all the compounds, Compound 6g (IC 50 :37.25 μg), Compound 6e (IC 50 :44.12 μg), showed potent activities when compared with the standard. While compounds 6d, 6f showed moderate activity and compound 6l is the least active as observed from the table. It is evident from the cytotoxic activity results that the compounds exhibited significant anti-cancer activities along with the standard drug Sorafenib. The anti-cancer activities of 6g (37.25 µg/ mL) and 6e (44.12 µg/mL) showed almost nearer results to the standard drug (32.16 µg/mL).
Conclusion
In conclusion, we have developed facile and efficient methods for the synthesis of 3-methyl-4-((1-methyl-1H-indol-3-yl) methylene)isoxazol-5(4H)-ones in both step-wise & one-pot methods using sodium benzoate as a catalyst under ultrasonic irradiation in aqueous media. The procedure offers several advantages like clean reaction, shorter reaction times and higher product yields, simple workup procedures, easy preparation, handling of catalyst, inexpensive, recyclability of catalyst and environmental friendly method which make it a useful and attractive strategy for the Knoevenagel condensation. Among the synthesized compounds, compound 6g showed significant anticancer activity (37.25 µg/mL) against HepG2 cell lines. Hydrogen bonding interactions between methoxyl oxygen (O26) of compound 6g with hydrogen atom of LYS108 of BCL-2 showed the action of compound 6g on Liver cancer cell lines that express BCL-2 protein. 
